1. Introduction {#s0005}
===============

Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide and has an increasing incidence worldwide ([@b0125], [@b0130], [@b0115]). China is one of the areas of the world with high incidence for HCC and contributes to 55% of all HCC cases ([@b0100]). The curative treatments for early-stage HCC are liver transplantation and liver resection. Multistep processes, accumulation of genetic and epigenetic alterations, are included in HCC carcinogenesis. However, the molecular pathogenesis is not well understood ([@b0030], [@b0070]). Thus, it is imperative to identify new possible targets for preventing the initiation and progression of HCC.

MicroRNAs (miRNAs) are non-coding small RNAs (∼21--23nt) that regulate various biological processes by binding to the 3′-untranslated region (3′-UTR) of their target mRNAs, which cause either mRNA degradation or translational repression ([@b0045], [@b0090]). MiRNAs play regulatory roles in multiple cellular processes, including cell proliferation, apoptosis and differentiation ([@b0055], [@b0015]). Accumulating evidence has shown that both losses and gains of miRNA function are associated with oncogenic transformation. The role of miRNAs in carcinogenesis/cancer has also been discussed. For example, tumor-associated miRNAs have been identified in the serum of patients with diffuse large B-cell lymphoma ([@b0020], [@b0105]). Currently, miRNAs have made them attractive therapeutic targets for cancer molecular therapy. Although much is known about the profiles of miRNAs in many tumors and tissues, the function of miRNAs in HCC has not yet been fully elucidated.

Wnt/β-catenin signaling has been shown to regulate the progression of cancer because it promotes cell proliferation and migration. β-catenin protein is the downstream molecule of Wnt/β-catenin signaling which is accumulated in the nuclear location after WNT1 binds to specific Frizzled (FZD) surface receptors. E-cadherin and c-Myc have been reported to be involved in the β-catenin regulatory network ([@b0155], [@b0175], [@b0135], [@b0145], [@b0165]). The activated Wnt/β-catenin signaling subsequently activates distinct various cellular signaling pathways critical for cancer development ([@b0085], [@b0120]). Several clinical studies have reported that abnormal activation of Wnt/β-catenin pathway is contributed to hepatocarcinogenesis ([@b0040], [@b0075]). Thus, it is attractive to further explore the effects of Wnt/β-catenin signaling on HCC.

In conclusion, in this study, we verified that let-7b is down-regulated in HCC. Further investigation showed that Wnt/β-catenin signaling activity was suppressed by let-7b in vitro. Additionally, Wnt/β-catenin signaling inhibition blocks the effects on HCC cell proliferation caused by let-7b knockdown. Our results indicate that let-7b may be a new therapeutic target in HCC and add another layer on miRNA biology.

2. Material and methods {#s0010}
=======================

2.1. Cell culture {#s0015}
-----------------

Human HCC cell line HepG2 was purchased from American Type Culture Collection (ATCC) and maintained in RPMI-1640 medium (Thermo Scientific, Waltham, MA) supplemented with 10% fetal bovine serum (FBS) and 1X penicillin/streptomycin in a humidified incubator at 37 °C containing 5% CO2.

2.2. RNA isolation and quantitative real-time PCR (qRT-PCR) {#s0020}
-----------------------------------------------------------

Extraction of total RNA from cells was in accordance to the instruction of mirVana™ miRNA Isolation Kit (Thermo Scientific). For isolation of intact RNA from tissues, tissues were minced on ice, frozen in liquid nitrogen immediately and stored at −80 °C until analyzed.

Intact RNA from tissues after homogenization was prepared using mirVana™ miRNA Isolation Kit (Thermo Scientific). Total RNAs were eluted with 100 μl of elution buffer. TaqMan microRNA assay was used to determine levels of mature miRNAs in tissues or cells according to the instruction of TaqMan microRNA reverse transcription kit (Thermofisher).

qRT-PCR is the most sensitive technique for mRNA and miRNA detection. TaqMan qRT-PCR assays were used for the detection of gene/mature miRNA expression in triplicate on an ABI 7500 system (Applied Biosystems, Foster City, CA). All the gene/miRNA-specific probes were bought from Applied Biosystems.

2.3. Overexpression and knockdown of let-7b {#s0025}
-------------------------------------------

To evaluate the functional effect of let-7b, we overexpressed let-7b in HepG2 cell in vitro. We purchased lentiviral let-7b (LV-let-7b) and empty lentiviral vector (LV-VC) from Applied Biological Materials Inc (Richmond, BC). After then, the let-7b and VC overexpression lentiviruses were stored at −80 °C until use. Lentiviral transfection efficiency (\>90%) was confirmed by fluorescent microscopy.

To block the signaling regulation caused by let-7b, let-7b inhibitor (GeneCopoeia, Guangzhou, China) assay was performed as previous description ([@b9000]).

2.4. Wnt/β-catenin activity reporter assay {#s0030}
------------------------------------------

To monitor Wnt/β-catenin signaling pathway activity in cells, Wnt/β-catenin signaling pathway luciferase reporter assay was performed as previous description ([@b0170]). In brief, HepG2 cells were seeded overnight in a 96-well plate (2 × 104 cells/well). On the next day, cells were co-transfected with 50 ng let-7b or either a control miRNA (Con-miR) with 100 ng Wnt/β-catenin pathway-luciferase-reporter construct (SABiosciences, Frederick, MD). MiRNA plasmids were constructed as previous description ([@b0170]). 24 h after transfection, Wnt3a conditioned medium (Wnt3a-CM) were replaced the old medium. After 18 h stimulation, the cells were harvested. Wnt/β-catenin signaling activity was determined by Dual Luciferase Reporter Assay System (Promega, San Luis Obispo, CA). WNT inhibitory factor 1 (WIF1) (Sigma-Aldrich, St Louis, MO) was used to inhibit Wnt/β-catenin signaling, Data was represented as the ratio of firefly luciferase activity to Renilla luciferase activity.

2.5. Western blotting {#s0035}
---------------------

Western blot is often used to separate and identify proteins. After cells were lysed in lysis buffer (Thermo Scientific, Waltham, MA), protein concentrations were determined using DC Protein Assay (Bio Rad Laboratories, Hercules, CA). Western blot analysis was according to a previous description with 15ug of proteins per well ([@b0170]). For specific primary antibodies (Ab): anti- β-catenin (1:500; Sigma-Aldrich, St Louis, MO), anti--c-Myc (1:500 dilution; Cell Signaling Technologies, Beverly, MA), anti-E-cadherin (1:1000, Cell signaling) and anti--β-actin (1:500; Sigma-Aldrich) following the addition of the correlated HRP-conjugated secondary Abs (Abcam). In order to avoid incomplete stripping, all of the results are from separate membranes.

2.6. Cell viability assay {#s0040}
-------------------------

Cell viability of HepG2 cell was determined by Cell Counting Kit-8 (CCK8) method according to the manufacture\'s protocol (Promega). Brief, cells were seeded in 96-well plates at densities of 5000 cells/ well and transfected with 50 nM let-7b or con-miR for 48 h. At the end of transfection, 100 μl fresh medium was added to replace the medium used for transfection. Cells were treated with CCK8 dye at days 0--7 of culture. The absorbance at 450 nm was then measured in a microplate reader. Cell viability was calculated by comparing with blank control (BC) cells. BC cells are cells without miRNA transfection. Experiments were repeated for 3 independent experiments.

2.7. Colony formation assay {#s0045}
---------------------------

500 of let-7b or con-miR transfected HepG2 and BC cells were grown in a 6-well plate. After 10 days culture in complete medium, colonies were fixed with 70% ethanol and then stained with 15% crystal violet solution.

2.8. Statistics {#s0050}
---------------

SPSS version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows was used for statistical analyses. Data are expressed as mean ± standard deviation (n = 3). Unpaired student t-test was performed to determine whether the difference between two groups is significant. P (probability) less than 0.05 was accepted as significant difference.

3. Results {#s0055}
==========

3.1. Let-7b is down-regulated in HCC tissues {#s0060}
--------------------------------------------

Of our microRNA microarray preliminary studies from 19 HCC tissue samples and 15 noncancerous liver tissue samples, let-7b was found to have 2.1-fold significantly downregulated in HCC tissues (data not shown). qRT-PCR was used to verify let-7b expression level in HCC tissues and noncancerous tissues. As shown in [Fig. 1](#f0005){ref-type="fig"}, the expression level of let-7b was remarkably decreased compared with that of noncancerous tissues (P \< 0.05). Our results suggested the importance of let-7b down-regulation in HCC progression.Fig. 1Let-7b expression level in HCC tumor and noncancerous liver tissues. Let-7b expression level was determined by qRT-PCR. U6 was used as an endogenous control for the quantification. Results are mean ± SD. ^\*^p \< 0.05 vs HCC tumor.

3.2. Let-7b suppresses proliferation of HepG2 cells in vitro {#s0065}
------------------------------------------------------------

Cell proliferation is the process that results in an increase of the number of cells over time. We subsequently evaluate the functional role of let-7b in HCC cells by monitoring cell proliferation in HepG2 cell. We first determined let-7b expression level after infecting HepG2 cells at multiplicity of infection 50 (MOI = 50) of LV-let-7b or LV-VC ([Fig. 2](#f0010){ref-type="fig"}A). The blank control (BC) condition was HepG2 cell without virus infection. CCK-8 proliferation assay was employed to monitor the proliferation of HepG2 cells. As shown in [Fig. 2](#f0010){ref-type="fig"}B, cell proliferation was significantly suppressed by let-7b overexpression from day 2 to day 5 than LV-VC and BC groups. In addition, we observed that let-7b overexpression also remarkably reduced the colony numbers of HepG2 cells in comparison with BC and LV-VC groups ([Fig. 2](#f0010){ref-type="fig"}C).Fig. 2Effect of let-7b on HCC cell growth. (A) HepG2 were infected with MOIs let-7b lentivirus or VC at MOI 50. Let-7b expression level was determined by qRT-PCR. Data are expressed as the fold change relative to HepG2 cells without infection. ^\*^p \< 0.05 vs BC; ^\*\*^p \< 0.05 vs VC; (B) The cell growth curves showed the let-7b significantly inhibits HepG2 cell growth after day 2. ^\*^p \< 0.05 vs BC; ^\*\*^p \< 0.05 vs VC; (C) let-7b reduced the number of HepG2 colonies. However, anti-let-7b increased the number of HepG2 colonies; (D) Loss of let-7b promoted the HepG2 cell growth, especially after day 2. Results are mean ± SD (n = 3); ^\*^p \< 0.05 vs BC; ^\*\*^p \< 0.05 vs VC.

3.3. Let-7b down-regulates Wnt/β-catenin signaling pathway in vitro {#s0070}
-------------------------------------------------------------------

Let-7 families were reported to inhibit Wnt/β-catenin signaling pathway ([@b0160], [@b0150]). Moreover, Wnt signaling blockage was known to inhibit cell growth ([@b0010]). To explore whether the responsible mechanism of let-7b is also related to Wnt/β-catenin signaling in HCC progression, we first overexpressed let-7b or con-miR in HepG2 cells and tested Wnt / β-catenin signaling activity by Wnt/β-catenin reporter assay. As shown in [Fig. 3](#f0015){ref-type="fig"}A, we found that let-7b downregulated the activity of the Wnt/β-catenin luciferase reporter construct after Wnt3a conditional medium stimulation in comparison with con-miR. After then, we monitored the effect of let-7b on the components included in Wnt/β-catenin signaling pathway. Let-7b overexpression significantly down-regulated β-catenin, c-Myc but up-regulated E-cadherin mRNA and protein levels compared with con-miR ([Fig. 3](#f0015){ref-type="fig"}B, C).Fig. 3Let-7b inhibit Wnt/β-catenin signaling. (A) HepG2 HCC cells were co-transferred with Wnt/β-catenin luciferase-reporter construct and let-7b or con-miR. Wnt/β-catenin activity was normalized to *Renilla* luciferase activity. (B) β-catenin, c-Myc and E-cadherin mRNA level in HepG2 HCC cells after let-7b overexpression; (C) β-catenin, c-Myc and E-cadherin protein expression was determined by WB. β-Actin was used as an internal control. Results are mean ± SD (n = 3). ^\*^p \< 0.05 vs BC; ^\*\*^p \< 0.05 vs con-miR.

3.4. Wnt/β-catenin signaling pathway is crucial to HepG2 cell proliferation {#s0075}
---------------------------------------------------------------------------

The next step, we validated that Wnt/β-catenin signaling is crucial to HCC cell proliferation. We first inhibited let-7b in HepG2 cells, and then WIFI was added to block Wnt/β-catenin activity. WIFI is ligand special and inhibit Wnt signaling by directly sequestering WNT ligands, WIFI inhibits both canonical and noncanonical WNT signaling ([@b0005]). After adding WIFI, cell proliferation was remarkedly suppressed from day 2 to day 5 which is similar to the pattern of let-7b overexpression ([Fig. 4](#f0020){ref-type="fig"}A). In addition, WIFI also remarkably blocked the increased proliferation of HepG2 caused by let-7b inhibitor ([Fig. 4](#f0020){ref-type="fig"}B). Moreover, the colony counts of HepG2 cells were decreased after Wnt/β-catenin inhibition by WIFI ([Fig. 4](#f0020){ref-type="fig"}C). These results infer that Wnt/β-catenin signaling is essential to HCC progression.Fig. 4Effect of WIFI on HCC cell growth. (A) The cell growth curves showed the WIFI significantly suppress HepG2 cell growth after day 2. Results are mean ± SD (n = 3); ^\*^p \< 0.05 vs BC; (B) WIFI remarkably decreased the cell proliferation of HepG2 which had an opposite effect caused by let-7b inhibitor. Results are mean ± SD (n = 3); ^\*^p \< 0.05 vs BC; (C) WIFI reduced the number of HepG2 colonies.

4. Discussion {#s0080}
=============

The expression and functions of miRNAs are cell and tissue specific. The frequent aberrant expression of miRNAs implies that they may function as either oncogenes or tumor suppressors under certain conditions. The expression and roles of miRNAs in the progression of HCC are not yet fully understood. In our study, let-7b was found to be down-regulated in HCC in comparison with noncancerous liver tissue samples. Overexpression of let-7b decreased the activity of Wnt/β-catenin signaling pathway in HCC cell. Moreover, overexpression of let-7b suppresses HCC cell proliferation. Additionally, inhibition of Wnt/β-catenin signaling pathway suppresses HCC cell proliferation which is similar to the pattern of let-7b. Taken together; these data indicated that let-7b suppresses HCC progression through Wnt/β-catenin pathway. Our results suggest that let-7b might be useful biomarker and raise the possibility of development of new therapeutic strategy for patients with HCC.

Recently, it has been noted that the expression profiles of miRNAs can be used for diagnosis and prognosis of human malignancies ([@b0140], [@b0035]). In this study, let-7b was down-regulated in HCC tissues and verified qRT- PCR. It is widely believed that let-7b is involved in many biological processes in cancers. Let-7b has been reported to reduce cancer cell growth and induce apoptosis by directly downregulating CYP2J2 ([@b0025]). Decreased expression of let-7b was also found in tumor tissue and correlated with microvessel density and survival outcomes in non-small-cell lung cancer ([@b0095]). In addition, let-7b suppresses human gastric cancer malignancy via targeting ING1 ([@b0065]). However, despite all these studies, there are very few in vitro functional studies of let-7b related to HCC progression. In the present study, we identified that let-7b suppressed HCC progression through Wnt/β-catenin pathway.

It is clear that Wnt/β-catenin signaling cooperates with half a dozen other signaling systems and plays a prevalent theme in the regulation of cell growth and survival of a variety of cancer cells. For example, activation of Wnt/β-catenin signaling promotes bladder cell proliferation ([@b0060]). In human breast cancer stem cells (BCSCs), classic Wnt signaling was significantly enhanced by miR-142 up-regulation ([@b0080]). Moreover, overexpression of HOTAIR promotes cell proliferation by activating Wnt/β-catenin signaling pathway in human ovarian cancer ([@b0110]). In this study, we demonstrated that decreased expression of let-7b up-regulates Wnt/β-catenin signaling pathway in HCC cells. Furthermore, we also confirmed that the protein levels of down-stream components in Wnt/β-catenin signaling pathway changed after let-7b treatment. Moreover, Wnt signaling inhibitor blocks cell proliferation caused by let-7b. These data suggest that let-7b can regulate Wnt/β-catenin signaling as a tumor suppressor in HCC progression. And, it would be interesting to figure out the direct target of let-7b associated with Wnt/β-catenin signaling.

In conclusion, this present study revealed that the deregulated expression of let-7b contributes to the HCC development through Wnt/β-catenin signaling pathway. The effects of let-7b on HCC cell proliferation may provide a novel target for HCC cancer therapy and adds another layer of complexity to miRNA regulation in cancer.
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